Radix Bupleuri (Chinese name, Chaihu) is a well-known traditional Chinese medicine, which mainly grows in the areas of north subtropics. Forty species, seventeen varieties and seven forms grow wide in China and among them seventeen species, six varieties and one forms are considered as medicinal herbs. 1) According to the Chinese pharmacopoeia, 2) Radix Bupleuri is derived from the dried root of Bupleurum Chinense DC. and Bupleurum scorzonerfolium WILD. In China, it has been used for over 2000 years to treat cold fever, chill and fever in turn, the feeling of oppression and illness in the chest and hypochondria.
3) Three major oleanane-saponins named saikosaponin-a (1), -c (2), -d (3) and many minor saponins are isolated from the roots of this plant. [4] [5] [6] Their structures are shown in Fig. 1 . These saikosaponins have been extensively studied in the field of pharmacology and immunology. 7, 8) The following activities are reported for saikosaponin-a and -d: Anti-cancer, 9) anti-inflammation, 10) corticosterone secreting, 11) plasma-cholesterol lowering action, 12) hemolytic activity, 13) effects on membrane fluidity, 14) and protective action against hepatic damage.
15)
However, no such biological activities are observed for saikosaponin-c. Recently, because of the increasing demand as well as a shortage of quality product, many other kinds Bupleurum spp. roots, have been used as medicine in different areas of China. Chemical analyses of this crude drug have been reported by thin-layer chromatography (TLC) 16) and high performance liquid chromatography (HPLC). 17, 18) However, the accuracy and reproducibility of TLC method were not satisfactory. Due to saikosaponin-a (1), -c (2) and -d (3) do not exhibit any absorption maximum in the ultraviolet (UV) region above 220 nm, they were usually analyzed below 210 nm in the most reported HPLC methods. Most of the genuine saikosaponins contain the very unstable allyloxide linkage, therefore are converted into artificial diene-saponins by mild acid treatment 19) ; saikosaponin-b 1 (4) from saikosaponin-a (1) and saikosaponin-b 2 (6) from saikosaponin-d (3). It has been reported that saikosaponin-b 1 and -b 2 are not the natural components of Radix Bupleuri but formed during the extraction process. 20) These converted diene-saponins show characteristic and strong absorption maxima (at 250 nm) and could be easily detected by HPLC-UV with high sensitivity. Therefore, it provides a possible method that can determine the contents of saikosaponin-a and -d by the analysis of their conversion products. This conversion had been applied to analyze the saikosaponin-a and -d, 19) but the reported conversion reaction was not proved to be complete and quantitative. In this study, the conversing conditions were optimized and LC-MS and LC-PDA were applied to prove that saikosaponin-a and -d were converted into saikosaponin-b 1 and -b 2 completely and quantitatively. This optimized method was applied to evaluate the quality of 17 commercial samples.
MATERIALS AND METHODS

Chemical and Reagent
Saikosaponin-a, -d, -b 1 and -b 2 were purchased from National institute of China for the Control of Pharmaceutical and Biological Products (with the purity higher than 98.0%). Acetonitrile (Yuwang Co., China) was of HPLC grade. Hydrochloric acid, sodium hydroxide, methanol and ammonia (Yuwang Co., China) were of analytical grade.
Medicinal Materials The seventeen samples of Radix Bupleuri were purchased from Liaoning, Jilin, Tianjin, Liaoyuan, Hebei, Shanxi, Shandong, Sichuan, Anhui, Neimeng, Ningxia and Qinghai provinces.
Apparantus Shimadzu LC-10AD high performance liquid chromatograph and a stainless-steel column (4.6 mmϫ 250 mm, ID) packed with Hypersil ODS (5 mm) were used. Data were acquired by SPD-10A and SPDM-10AVP with CKChrom TM and Shimadzu CLASS VP workstation, respectively.
The LC-MS systems consisted of the LC-10ADvp pump, SIL-HTc autosampler, CTO-10Avp column oven and LCMS-2010A mass spectrometer with an atmospheric pressure chemical ionization (APCI) interface in positive mode (Shimadzu, Kyoto, Japan). Chromatographic separation was achieved on a 150ϫ4.6 mm, 5 mm Diamonsil C 18 column (Dikma, Beijing, China). Data acquisition was performed with Shimadzu LCMSsolution 3.0 software.
Chromatographic Conditions Isocratic elution of the HPLC system was performed with acetonitrile-water-formic eluents of different ratio (50 : 50; 40 : 60; 37.5 : 62.5; 35 : 65). In these cases, the column temperature was maintained at 25°C; the mobile phase contained acetonitrile : 1% formic acid water (37.5 : 62.5); the flow rate was 1.0 ml/min. The injection volume and the detection wavelength were 20 ml and 250 nm, respectively.
For LC-PDA, the chromatographic conditions were the same as described above.
For LC-MS, the mobile phase contained acetonitrile : 1% formic acid water (37.5 : 62.5) and the flow rate was 0.8 ml/min. The conditions of mass spectrometer were as follows: APCI interface temperature 400°C, CDL temperature 250°C, Heat Block temperature 200°C, detect voltage 1.5 kV. Total Ion Chromatogram (TIC) mode was used and the scan range of m/z was 200-1000. N 2 was used as nebulizing gas and drying gas with a flow rate of 2.5 l/min and 2 l/min, respectively.
Extraction Procedure About 0.5 g of the pulverized Radix Bupleuri was weighed and mixed with 15 ml of methanol. The mixture was extracted by ultrasonic for 3 times, 1 h each time. The extracted solution was filtered and the filtrate was evaporated to dryness under the reduced pressure at 60°C.
Conversion Procedure The extracted samples were treated with 8% HCl in 50% methanol solution, then incubated at 25°C for 14 h. After 14 h, the solution was adjusted to pH 7 with 8% NaOH solution and dissolved to 25 ml with methanol. The solution was filtered through 0.45 mm organic membrane filters. A 20 ml aliquot of sample was injected into the HPLC.
Saikosaponin-a 10.1 mg and saikosaponin-d 9.9 mg were converted into corresponding saikosaponin-b 1 and -b 2 under the described above conditions.
Standard Solutions Saikosaponin-a and saikosaponin-d were dissolved with methanol to make a solution containing 1.01 mg/ml saikosaponin-a and 0.45 mg/ml saikosaponin-d, respectively.
Saikosaponin-b 1 and saikosaponin-b 2 were added into a 10 ml measuring flask and dissolved with methanol to make a stock solution containing 0.98 mg/ml saikosaponin-b 1 and 1.03 mg/ml saikosaponin-b 2 , respectively.
Then 0.1 ml saikosaponin-b 1 and -b 2 were added into a 5 ml measuring flask and dissolved with methanol to make standard solutions of 0.02 mg/ml and 0.021 mg/ml, respectively.
Method Validation Calibration standards for saikosaponin-b 1 and -b 2 (5, 20, 40, 60, 80, 100 ml) were prepared from stock solutions. Calibration curves were calculated by plotting the peak area of analyte versus analyte concentration. Stability of the derivatives was examined for 2 d room temperature. The assay precision was determined by 6 replicate analysis of the sample, while the recovery was evaluated simultaneously.
RESULTS AND DISCUSSION
Optimization of Conversion Conditions
Generally, conversion methods involve the investigation of many variables, which may affect the efficiency of conversion. Selec- tion of these variables and their levels is critical. Several statistical techniques, such as simplex optimization and factorial design, were employed for the optimization of experiment methods. Factorial design has some advantages over simplex optimization in that global optimum can be provided, large amounts of quantitative information can be extracted and both discrete and continuous factors can be estimated. One obvious disadvantage of the factorial design is the large number of experiments required when several variables are examined. However, the number of the experiments can be considerably reduced by the use of orthogonal array design. In our study, L 9 (3 4 ) orthogonal design was selected. L 9 (3 4 ) means that 4 factors and 3 levels can be investigated in the orthogonal tests. But it was not necessary that every factors was choose, we can only choose three or two factors, and the others rows were considered as the error item. Error item was necessary to do analysis-of-variance analysis. Conversion temperature, time and the concentration of hydrochloric acid could impact the conversion results. In order to obtain the best conditions, the above factors were optimized. The three factors of the concentration of HCl (A), the reaction temperature (B) and reaction time (C) were arranged in an orthogonal design L 9 (3 4 ) and the fourth row was considered as the error item. Each factor had three levels: factor A (A 1 , 1%; A 2 , 4%; and A 3 , 8%); factor B (b 1 , 30°C; B 2 , 20°C; and B 3 , 25°C); factor C (C 1 , 14 h; C 2 , 24 h; and C3, 8 h). In our study, before sample solutions were analyzed, the standard solution of saikosaponin-b 1 and -b 2 were analyzed first. The A i represents the peak area of saikosaponin-b 1 and -b 2 in sample solutions; The A s represents the peak area of saikosaponin-b 1 and -b 2 in standard solutions; In order to predigest the calculation progress, the ratio of peak area (A i /A s ) was applied. Therefore, A i /A s does not have unit, and it is just a ratio. So, all of the data in our Table 1 does not have unit too. The ratio of peak area (A i /A s ) of saikosaponin-b 1 and that of saikosaponin-b 2 were selected as the assessment indices of conversion conditions. Nine experiments were performed. The results and details of each procedure are shown in Table  1 3) , it could be found that the concentration of HCl played more important role than the reaction time and reaction temperature. A 3 B 3 C 1 (8% HCl, 25°C and 14 h) was selected as the optimal condition. No hydrolysis of the sugar moiety took place under these conditions, whereas the formation of the prosapogenins was observed at elevated temperature (over 30°C) or under stronger acidic conditions. In order to investigate whether saikosaponin-a and -d had been converted completely into the corresponding diene-saikosaponins, the contents of b 1 and b 2 were determined. The results showed that the amounts of saikosaponin-b 1 and saikosaponin-b 2 were equivalent to those of saikosaponin-a and -d before being converted, which means that, saikosaponin-a and -d had been completely converted under above conditions.
Optimization of Extraction Conditions Various extraction procedures were compared by measuring the amounts of saikosaponin-b 1 and -b 2 extracted from Radix Bupleuri. Saikosaponin-a and -d are extremely unstable, being partly converted into the diene-saponins along with other secondary products during the process of the extraction of the crude drug with boiling methanol. Therefore, extraction at low temperature was bound to minimize the formation of other products. The ultrasonic extraction was selected to extract the saikosaiponins Radix Bupleuri due to the low temperature. The repeated orthogonal design L 9 (3 4 ) was adopted to optimize the ultrasonic extraction methods of saikosaponins. In our study, before sample solutions were analyzed, the standard solution of saikosaponin-b 1 and -b 2 were analyzed first. The A i represents the peak area of saikosaponin-b 1 and -b 2 in sample solutions; The A s represents the peak area of saikosaponin-b 1 and -b 2 in standard solutions; In order to predigest the calculation progress, the ratio of peak area (A i /A s ) was applied. Therefore, A i /A s does not have unit, and it is just a ratio. So, all of the data in our Table 2 does not have unit too. The ratio of peak area (A i /A s ) of saikosaponin-b 1 and that of Table 2 -2) and analysis-of-variance analysis (Table 2- Fig. 4 show the results. It confirmed that conversion reaction was complete and no hydrolysis of the sugar moiety took place under the conversion conditions.
To assay saikosaponins in Radix Bupleuri with good resolution and a reasonable elution time, various isocratic elution using acetonitrile-water were performed as described in Experimental. The optimal analysis condition found was acetonitrile : 1% formic acid water (37.5 : 62.5). The chromatograms are shown in Fig. 5 .
Linearity, Accuracy, Precision, and Limits of Quantification Using the method described above, a validation The lowest acceptable level of the calibration curve was regarded as the limit of quantification (LOQ). In this study, the LOQ of saikosaponin-b 1 and -b 2 was 4.9 and 3.5 mg/ml, respectively. The intra-day variability of the contents of saikosaponins was determined using the same sample solution. The relative standard deviations (R.S.D.) were 2.0% for -b 1 and 1.7% for -b 2 . The reproducibility of the total procedure for -b 1 and -b 2 was tested and the R.S.D. (nϭ6) were 1.7% for -b 1 and 2.2% for -b 2 . The results showed excellent stability and reproducibility, respectively. The average recovery of -b 1 and -b 2 was 98.3% (R.S.D.ϭ3.1%) and 96.4% (R.S.D.ϭ1.8%), respectively.
Estimation of Habitats and Species for Radix Bupleuri Recently, due to the increasing demand for this herb, many kinds of Radix Bupleuri, which were collected from different habitats, have been colleted as medicine. As we know that the diversity of growing environment induces the differences of herbal quality. Therefore, we collected 17 commercial samples from the main habitats of Radix Bupleuri which be- long to 7 species and evaluated their qualities. The results were showed in Table 3 . The saikosaponins contents of B. chinense DC. were the highest in all the species of Radix Bupleuri. Both B. scorzonerifolium WILLD and B. bicaule HELM contained the higher saikosaponins than the others. But no saikosaponin-a and -d were detected in the B. malconense SHAN et Y. LI from Sichuan province. The contents of saikosaponins of six B. chinense DC. samples, which were collected from different habitats, were evaluated by the HPLC method estabilished in the present study. The saikosaponin's contents of B. chinense DC. from Henan province reached a highest value of 3.904 mg/g (SS-a) and 4.581 mg/g (SS-d), respectively. On the other hand, the contents of Saikosaponins from four B. scorzonerifolium WILLD samples were detected by the same method. The contents of saikosaponins of B. scorzonerifolium WILLD from Shandong province reached 1.521 mg/g (SS-a) and 1.656 mg/g (SS-d), respectively. The content of saikosaponins in B. chinense DC. were generally higher than that of in B. scorzonerifolium WILLD. This conclusion was accordant with the previous reports. 1) In conclusion, the contents of saikosaponins depended on not only the species but also the habitats. Therefore, it is necessary to control the quality of the Radix Bupleuri from different species and habitats.
CONCLUSION
In the present study, the conversion method of saikosaponin-a and -d was optimized and the conversion reaction was proved to be completed using LC-MS and LC-PDA. The HPLC method was developed to determine the conversion products, saikosaponin-b 1 and -b 2 . The results showed that a good separation (concerning resolution and analysis time) is obtained by isocratic elution employing acetonitrile : 1% formic acid water (37.5 : 62.5). The HPLC method established in the present study was presumed to be a reliable method for analysis of the contents of saikosaponins in different species and habitats of Radix Bupleuri. It was confirmed that this method could be used as a routine analytical tool for the quantitative analysis of saikosaponin-a and -d in Radix Bupleuri. 
